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A vehicle driving control device includes a target speed
calculation unit configured to calculate a target speed on the
basis of a target lateral acceleration and a curve radius; a
speed control umt configured to control the speed of a
vehicle on the basis of the target speed and a vehicle speed;
and a lane determination unit configured to determine
whether a lane on which the vehicle 1s driving 1s an
overtaking lane on the basis of image information. The target
lateral acceleration setting unit sets the target lateral accel-
eration to be higher than the target lateral acceleration when
it 1s determined that the lane on which the vehicle 1s driving
1s not the overtaking lane in a case where 1t 1s determined
that the lane on which the vehicle 1s driving 1s the overtaking
lane.
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VEHICLE DRIVING CONTROL DEVICE
AND CONTROL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2015-178688 filed on Sep. 10, 2015, the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

This disclosure relates to a vehicle driving control device
and a control device.

2. Description of the Related Art

A vehicle driving control device that controls the speed of
a vehicle on the basis of the shape (road curvature or curve
radius) of a drive road 1n front of the vehicle 1s described in
Japanese Patent Application Publication No. 2003-48450
(JP 2003-48450 A). This device calculates a target speed at
which the vehicle can drive without deviating from a drive
lane on a curve 1n front of the vehicle, and performs
deceleration control such that the speed of the vehicle
comncides with the target speed on the curve in front of the
vehicle, 1n a case where the current speed of the vehicle
exceeds the target speed.

The device described 1 JP 2003-48450 A performs the

same deceleration control 1rrespective of distinction
between lanes for the vehicle, 1n a case where the speed of
the vehicle exceeds the target speed. Meanwhile, it 1s
considered that a driver driving on an overtaking lane
intends to drive at a higher speed than that in other lanes. For
this reason, in the present technical field, there 1s desired a
vehicle speed control device that can make the vehicle drive
at a higher speed than that when the vehicle 1s not driving on
the overtaking lane when the vehicle drives on the overtak-
ing lane in a case where the vehicle 1s decelerated according
to the curve 1n front of the vehicle.

SUMMARY

A vehicle driving control device related to a first aspect of
the disclosure includes a curve radius acquisition unit con-
figured to acquire a radius of a curve of a drive road 1n front
of a vehicle; a target lateral acceleration setting unit con-
figured to set a target lateral acceleration on the curve on the
basis of the radius; a target speed calculation unit configured
to calculate a target speed on the curve on the basis of the
target lateral acceleration and the radius; a speed acquisition
unit configured to acquire the speed of the vehicle; a speed
control unit configured to control the speed of the vehicle on
the curve on the basis of the target speed and the speed of
the vehicle; an 1mage information acquisition unit config-
ured to acquire 1image information obtained by imaging the
surroundings of the vehicle; and a lane determination unit
configured to determine whether or not a lane on which the
vehicle 1s driving 1s an overtaking lane 1n one-way multiple
lanes 1n the drive road on the basis of the image information.
The target lateral acceleration setting unit sets the target
lateral acceleration on the curve to be higher than the target
lateral acceleration on the curve when 1t 1s determined that
the lane on which the vehicle 1s driving 1s not the overtaking,
lane 1n a case where 1t 1s determined that the lane on which
the vehicle 1s drniving 1s the overtaking lane. The speed
control unit performs the speed control of reducing the speed
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2

of the vehicle 1n accordance with the target speed, 1n a case
where the speed of the vehicle 1s greater than the target
speed.

In this vehicle driving control device, 1n a case where the
lane determination unit determines that the lane on which
the vehicle 1s dniving 1s the overtaking lane, the target lateral
acceleration setting unit sets the target lateral acceleration on
the curve to be higher than the target lateral acceleration on
the curve when the lane determination unit determines that
the lane on which the vehicle V i1s driving 1s not the
overtaking lane. For this reason, when the vehicle drives on
the overtaking lane, this device can calculate the target speed
to be higher than that in a case where the vehicle drives on
other lanes. Therefore, when the vehicle drives on the
overtaking lane 1n a case where the vehicle 1s decelerated
according to the curve 1n front of the vehicle, this device can
make the vehicle drive at a higher speed than that when the
vehicle 1s not driving on the overtaking lane.

The vehicle driving control device may further include a
lane information determination unit configured to determine
whether or not the lane on which the vehicle 1s driving 1s an
outside lane of the curve or an inside lane of the curve 1n
one-way multiple lanes on the basis of the 1image informa-
tion, and the target lateral acceleration setting unit may set
the target lateral acceleration on the curve to be higher than
the target lateral acceleration on the curve when the lane
information determination unit determines that the lane on
which the vehicle 1s driving 1s the outside lane of the curve,
in a case where the lane determination unit determines that
the lane on which the vehicle 1s dniving 1s the overtaking
lane and the lane imnformation determination unit determines
that the lane on which the vehicle 1s driving 1s the 1nside lane
of the curve.

According to this vehicle driving control device, when the
lane determination unit determines that the lane on which
the vehicle 1s driving 1s the overtaking lane, the target speed
when the vehicle drives on the 1nside lane of the curve can
be calculated to be higher than the target speed when the
vehicle drives on the outside lane of the curve. There 1s a
tendency 1n which a driver allows the vehicle to drive at a
higher speed than that in the outside lane of the curve
because a greater space outside the vehicle than that in the
outside lane of the curve 1s secured, when the vehicle 1s
driving on the inside lane of the curve in one-way multiple
lanes, for example, even 1n a case where the vehicle 1s
decelerated 1n accordance with the target speed calculated
according to the curve in front of the vehicle. That 1s, this
device can make the vehicle drive at a higher speed than that
in the outside lane of the curve, when the vehicle 1s driving
on the 1nside lane of the curve, in a case where the vehicle
1s decelerated according to the curve in front of the vehicle
in consideration of such a driver’s tendency.

A control device related to a second aspect of the disclo-
sure includes an actuator that executes driving control of a
vehicle; and an electronic controller configured to execute
acquiring a radius of a curve of a drive road 1n front of the
vehicle, setting a target lateral acceleration on the curve on
the basis of the radius, calculating a target speed on the curve
on the basis of the target lateral acceleration and the radius,
acquiring the speed of the vehicle, controlling the speed of
the vehicle on the curve on the basis of the target speed and
the speed of the vehicle, acquiring 1mage information
obtained by imaging the surroundings of the vehicle, and
determining whether or not a lane on which the vehicle 1s
driving 1s an overtaking lane in the drive road on the basis
of the image information. The electronic controller sets the
target lateral acceleration 1n a case where 1t 1s determined
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that the lane on which the vehicle 1s driving is the overtaking,
lane to be higher than the target lateral acceleration in a case
where 1t 1s determined that the lane on which the vehicle 1s
driving 1s not the overtaking lane. In a case where the speed
of the vehicle 1s greater than the target speed, the electronic
controller transmits a control signal to the actuator so as to
perform the speed control of reducing the speed of the
vehicle 1n accordance with the target speed.

In the above control device, 1n a case where 1t 15 deter-
mined that the lane on which the vehicle i1s driving 1s the
overtaking lane, the target lateral acceleration setting unit
sets the target lateral acceleration on the curve to be higher
than the target lateral acceleration on the curve when it 1s
determined that the lane on which the vehicle V 1s driving
1s not the overtaking lane. For this reason, when the vehicle
drives on the overtaking lane, the target speed 1s calculated
to be higher than that 1n a case where the vehicle drives on
other lanes. Therefore, when the wvehicle drives on the
overtaking lane 1n a case where the vehicle 1s decelerated
according to the curve 1n front of the vehicle, the vehicle can
be made to drive at a higher speed than that when the vehicle
1s not driving on the overtaking lane.

According to the above aspect, when the vehicle 1s driving
on the overtaking lane 1n a case where the vehicle is
decelerated according to the curve in front of the vehicle, the

vehicle can be made to drive at a higher speed than that when
the vehicle 1s not driving on the overtaking lane.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages, and technical and industrial
significance of exemplary embodiments of the disclosure
will be described below with reference to the accompanying,
drawings, 1n which like numerals denote like elements, and
wherein:

FIG. 1 1s a block diagram 1illustrating the configuration of
a vehicle including a vehicle driving control device accord-
ing to a first embodiment;

FIG. 2 1s an example of a driving environment around the
vehicle illustrated 1in FIG. 1;

FIG. 3 1s an example of target lateral acceleration maps
(graphs) 1llustrating relationships between target lateral
accelerations and curve radii;

FIG. 4 1s an example of graphs 1llustrating relationships
between calculation results of target speeds, and curve radii;

FIG. 5 1s a flowchart of driving control processing of a
vehicle control system:;

FIG. 6 1s a block diagram illustrating the configuration of
a vehicle including a vehicle driving control device accord-
ing to a second embodiment;

FIG. 7 1s another example of target lateral acceleration
maps (graphs) 1llustrating relationships between target lat-
eral accelerations and curve radii;

FIG. 8 1s a flowchart of driving control processing of a
vehicle control system 1n the second embodiment; and

FIG. 9 1s still another example of target lateral accelera-
tion maps (graphs) illustrating relationships between target
lateral accelerations and curve radi.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the disclosure will be
described with reference to the drawings. In addition, 1n the
tollowing description, the same or equivalent elements will
be designated by the same reference signs, and the overlap-
ping description thereof will be omitted.
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4

First Embodiment

FIG. 1 1s a block diagram illustrating the configuration of
a vehicle V including a vehicle dniving control device 1
according to a first embodiment. As 1llustrated 1n FIG. 1, the
vehicle V, such as a passenger car, 1s loaded with a vehicle
control system 100. The vehicle control system 100 1includes
the vehicle driving control device 1. The vehicle dniving
control device 1 1s a device that controls the speed of the
vehicle V, and 1s a device that changes or maintains the
speed of the vehicle V on the basis of a target speed. The
vehicle driving control device 1 sets the target speed accord-
ing to road environment in front of the vehicle V. The details
of road environment will be described below. The vehicle
driving control device 1 set the target speed 1n a range that
does not exceed a speed that 1s set 1n advance by a driver or
a speed that 1s determined according to law. Also, the vehicle
driving control device 1 automatically adjusts the speed of
the vehicle V such that the speed of the vehicle V reaches the
target speed.

The vehicle control system 100 includes an external
sensor 2, a global positioning system (GPS) recerving unit 3,
an internal sensor 4, a map database 5, an actuator 6, and an
ECU 7.

The external sensor 2 detects external situations that are
peripheral information of the vehicle V. The external sensor
2 includes a camera. As an example, the camera 1s provided
on a back side of a windshield of the vehicle V. The camera
1s an 1maging device that images the external situations of
the vehicle V. The camera outputs image information on the
external situations of the vehicle V to the ECU 7. The image
information 1s information obtained by converting light
signals 1n a predetermined 1mage format.

The GPS receiving unit 3 receives signals from three or
more GPS satellites, and acquires positional information
showing the position of the vehicle V. Latitude and longitude
are 1cluded 1n the positional information. The GPS receiv-
ing unit 3 outputs the measured positional information of the
vehicle V to the ECU 7.

The internal sensor 4 detects information according to the

driving state of the vehicle V. The internal sensor 4 includes
a speed sensor 1n order to detect the information according
to the driving state of the vehicle V. The speed sensor 1s a
detector that detects the speed of the vehicle V. As an
example of the speed sensor, a vehicle wheel speed sensor
that 1s provided at a wheel of the vehicle V or a drive shatt
that rotates integrally with the wheel, or the like and detects
the rotating speed of the wheel i1s used. The speed sensor
outputs speed information (vehicle wheel speed informa-
tion) icluding the speed of the vehicle V to the ECU 7.
The map database 5 1s a database including map infor-
mation. The map database 5 1s formed within a hard disk
drive (HDD) loaded on the vehicle V. Information on road
environment 1s included 1n the map mformation. Positional
information on roads, information of road shape, positional
information of intersections and branch points, the number
of lanes, or the types of lanes (a drive lane, an overtaking
lane, and the like), and the like are included 1n the infor-
mation on road environment. The information of road shape
1s associated with the map database 5 for respective prede-
termined road sections. Curve radin are included in the
information of road shape. The curve radi are values
determined on the basis of the shape drawn by a centerline
connecting central positions of a lane together 1n its width
direction, and 1s calculated for respective lanes. The lanes
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approaches straight lines as the curve radi1 are greater. The
map database 5 1s set such that the ECU 7 can refer to this
map database.

The actuator 6 1s a device that executes driving control of
the vehicle V. The actuator 6 includes a throttle actuator and
a brake actuator. The throttle actuator controls the amount of
supply (throttle opening degree) of air to an engine accord-
ing to a control signal from the ECU 7, and controls the
driving force of the vehicle V. The brake actuator controls a
brake system according to a control signal from the ECU 7,
and controls a braking force to be applied to a wheel of the
vehicle V. A hydraulic brake system can be used as the brake
system.

The ECU 7 1s an electronic control unit having a central
processing umt (CPU), a read-only memory (ROM), a
random access memory (RAM), a controller area network
(CAN) communication circuit, and the like. The ECU 7 1s
connected to a network that performs communication using
the CAN communication circuit, and 1s communicably
connected to the above-described constituent elements of the
vehicle V. The ECU 7 realizes the functions of constituent
clements of the ECU 7 to be described below, by actuating
the CAN communication circuit to output and input data, on
the basis of a signal output from the CPU, storing the input
data in the RAM, loading a program stored in the ROM into
the RAM, and executing the program loaded into the RAM.
In addition, the ECU 7 may be constituted of a plurality of
clectronic control unaits.

The ECU 7 includes a vehicle position recognition unit
11, an external situation recognition unit 12, a driving state
recognition unit 13, a lane determination unit 14, a target
lateral acceleration setting umit 16, a target speed calculation
unit 17, a speed control unit 18, and a storage unit 19. As an
example, the vehicle driving control device 1 1s configured
to include the external situation recogmition unit 12, the
driving state recognition unit 13, the lane determination unit
14, the target lateral acceleration setting unmit 16, the target
speed calculation unit 17, and the speed control unit 18.

The vehicle position recognition unit 11 recognizes the
vehicle position of the vehicle V on a map, on the basis of
the positional information of the vehicle V recerved by the
GPS receiving unit 3, and the map information of the map
database 5.

The external situation recognition unit 12 acquires the
peripheral 1nformation of the vehicle V. The peripheral
information 1s iformation showing environment or a situ-
ation within a predetermined range of the vehicle V. The
external situation recognition umt 12 includes a curve radius
acquisition unit 120 and an image information acquisition
unit 121.

The curve radius acquisition unit 120 acquires the curve
radius of a curve of a drive road in front of the vehicle V. The
drive road 1s a road on which the vehicle V 1s able to drive,
and 1s an exclusive vehicle road, a local street, or the like.
The drive road 1n front of the vehicle V 1s a drive road within
a predetermined distance range 1n a driving direction of the
vehicle V (or within a predetermined road section) with the
vehicle V as a reference. The curve of the drive road 1s a road
section where the curve radius 1s equal to or less than a
predetermined threshold value. The curve radius acquisition
unit 120 specifies a drive road 1n front of the vehicle V and
acquires the curve radius of the drive road, on the basis of
the positional information of the vehicle V received by the
GPS recerving unit 3, and the map information of the map
database 5. Next, the curve radius acqusition unit 120
specifies a curve of the drive road on the basis of the curve
radius. Then, the curve radius acquisition unit 120 acquires
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6

a curve radius corresponding to the specified curve of the
drive road from the map database 5.

Hereinafter, the details of the curve radu of the drive road
will be described. FIG. 2 illustrates an example of a dniving
environment around the vehicle V illustrated in FIG. 1. As
illustrated 1n FIG. 2, the vehicle V 1s driving on a road of
one-way double lanes. The drnive road includes a first lane

LAl, a second lane [LA2, a third lane LLA3, and a fourth lane
[LA4 sequentially from the left. The first lane LA1 1s
demarcated by a first lane boundary layer L1l and a second
lane boundary layer L.12. The second lane LA2 1s demarcated
by the second lane boundary layer 12 and a third lane
boundary layer (centerline) L.13. The third lane LA3 1s
demarcated by the third lane boundary layer .13 and a fourth
lane boundary layer L.14. The fourth lane LA4 1s demarcated
by the fourth lane boundary layer .14 and the fifth lane
boundary layer (centerline) L15. The vehicle V 1s driving on
the second lane LA2.

The drive road 1n front of the vehicle V 1s divided into
predetermined road sections in advance. As 1llustrated in
FIG. 2, the dnive road 1s divided into sections of straight
lines and sections of curves. In FIG. 2, the drive road 1s
divided into a first road section D1, a second road section
D2, a third road section D3, a fourth road section D4, and a
fifth road section DS, and the first road section D1 and the
fifth road section DS are linear sections, and the second road
section D2, the third road section D3, and the fourth road
section D4 are curves. Curve radi1 are respectively associ-
ated with the road sections 1n one-to-one correspondence.
This association 1s included 1n the map information of the
map database 5.

The curve radius acquisition unit 120 specifies that a road
section 1n front of the vehicle V i1s any of the first road
section D1 to the fifth road section DS, on the basis of the
positional information of the vehicle V acquired by the
vehicle position recognition unit 11 and the map information
of the map database 5. Then, the curve radius acquisition
unmt 120 acquires each curve radius on the basis of the map
information of the map database 5. Then, the curve radius
acquisition unit 120 recognizes a road section where the
curve radius 1s equal to or less than the predetermined
threshold value, as a curve. Here, 1t 1s supposed that the
curve radi1 of the second road section D2, the third road
section D3, and the fourth road section D4 are equal to or
less than the predetermined threshold value. In this case, the
curve radius acquisition unit 120 recognizes the second road
section D2, the third road section D3, and the fourth road
section D4 as curves, and acquires the curve radi1 of these
sections as the curve radi of the curves of the drive road 1n
front of the vehicle V.

The 1mage information acquisition unit 121 acquires
image mformation obtained by imaging the surroundings of
the vehicle V. The image information obtained by 1maging
the surroundings of the vehicle V 1s the information of an
image including a lane on which the vehicle V i1s driving,
and the overall drive road in front of the vehicle V. The
image information acquisition unit 121 acquires i1mage
information from a camera that 1s the external sensor 2.

The driving state recognition unit 13 recognizes the
driving state of the vehicle V on the basis of a detection
result of the internal sensor 4. The driving state 1s the
behavior of the vehicle V and 1s a value detected by the
internal sensor 4. The driving state recognition unit 13
includes a speed acquisition umt 130 that acquires the speed
of the vehicle V. The speed acquisition unit 130 acquires the
speed information of the speed sensor that 1s the internal
sensor 4.
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The lane determination unit 14 determines whether or not
the lane on which the vehicle V 1s driving 1s the overtaking
lane 1n one-way multiple lanes, on the basis of the image
information acquired by the image information acquisition
unit 121. A road of the one-way multiple lanes 1s a road
where two or more lanes where the driving directions of
vehicles become the same direction are present. The over-
taking lane 1s a lane for overtaking. The overtaking means,
in a case where a vehicle has kept up with another vehicle,
the vehicle changes to another lane, passes by a side of the
other vehicle that has been kept up with, and comes out 1n
front of the other vehicle. The overtaking lane 1s determined
according to law or the like. The overtaking lane 1s generally
a leftmost lane among the one-way multiple lanes 1n the case
of left-hand traflic, and a rightmost lane among the one-way
multiple lanes 1n the case of right-hand traffic. Lanes other
than the overtaking lane among the one-way multiple lanes
are drive lanes. A rule ({or example, a lane located on the
leftmost side among the one-way multiple lanes 1s the
overtaking lane) for discriminating the overtaking lane is
stored 1n advance 1n the storage umt 19 of the ECU 7. In
addition, depending on law, the overtaking lane and the drive
lanes may be distinguished from each other according to the
line types of the lane boundary lines. In this case, relation-
ships between the overtaking lane and the line types of the
lane boundary lines are stored in advance 1n the storage unit
19 of the ECU 7.

The lane determination unit 14 determines whether or not
the road on which the vehicle V is driving 1s the road of the
one-way multiple lanes, on the basis of the image informa-
tion. First, the lane determination unit 14 recognizes the
centerline (for example, the third lane boundary layer 113 of
FIG. 2) showing a boundary with the opposite lane. For the
recognition, well-known 1mage processing techniques, such
as edge processing and pattern matching processing, are
used. Next, the lane determination unit 14 recognizes lane
boundary lines (for example, the first lane boundary layer
L11 and the second lane boundary layer L12 of FIG. 2) of a
road surface on a side where the vehicle V 1s located with the
centerline as a reference. Then, the lane determination unait
14 determines that the road on which the vehicle V 1s driving
1s the road of the one-way multiple lanes, 1n a case where a
plurality of lanes demarcated by the lane boundary lines are
present on the side where the vehicle V 1s located with the
centerline as a reference. Then, the lane determination unit
14 determines which lane of the one-way multiple lanes 1s
the lane on which the vehicle V i1s driving. Then, the lane
determination unit 14 acquires the rule for discriminating the
overtaking lane with reference to the storage unit 19 pro-
vided 1n the ECU 7. Then, the lane determination unit 14
determines whether or not the lane on which the vehicle V
1s driving 1s the overtaking lane 1n the light of the acquired
rule.

Otherwise, the lane determination unit 14 may refer to the
storage unit 19 of the ECU 7 that stores the relationships
between the overtaking lane and the line types of the lane
boundary lines, and may determine whether or not the lane
on which the vehicle V 1s driving 1s the overtaking lane 1n
the one-way multiple lanes, on the basis of the line types of
the lane boundary lines of the lane on which the vehicle V
1s driving, which 1s recognized using the image information.
In this case, the image information in which the surround-
ings ol the vehicle V 1s imaged by the image information
acquisition unit 121 just has to be image information 1n
which lane boundary lines that are boundaries of the lane on
which the vehicle V 1s driving are included 1n an 1mage.
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The target lateral acceleration setting unit 16 sets a target
lateral acceleration on the curve, on the basis of the curve
radius acquired by the curve radius acquisition unit 120. The
target lateral acceleration setting unit 16 sets the target
lateral acceleration to a smaller value as the curve radius 1s
greater. The target lateral acceleration setting unit 16 sets the
target lateral acceleration to a greater value as the curve
radius 1s smaller.

Target lateral acceleration maps (graphs) showing the
above relationships between target lateral accelerations and
curve radn are stored in advance in the storage unit 19
provided 1in the ECU 7. FIG. 3 1s an example of target lateral
acceleration maps (graphs) illustrating relationships
between target lateral accelerations and curve radii. As
illustrated 1n a first graph GA or a second graph GB of FIG.
3, a relationship in which a target lateral acceleration
becomes smaller as a curve radius 1s greater 1s provided. The
target lateral acceleration setting unit 16 refers the storage
unmit 19 provided 1n the ECU 7, and sets a target lateral
acceleration on a curve on the basis of the curve radius
acquired by the curve radius acquisition unit 120 and the
target lateral acceleration map referred to.

Moreover, the target lateral acceleration setting unit 16
selects a target lateral acceleration map according to the type
of a lane (the overtaking lane or a drive lane). The first graph
GA 1s a target lateral acceleration map for an overtaking
lane, and the second graph GB 1s a target lateral acceleration
map for a drive lane. The first graph GA 1s set so as to
become greater than the second graph GB if these graphs are
compared with each other in the same curve radius. In
addition, as a curve radius approaches oo (that 1s, as a road
shape 1s a road shape close to a linear section), a target lateral
acceleration determined by the first graph GA approaches a
target lateral acceleration determined by the second graph
GB. In addition, when a curve radius 1s oo, that 1s, when a
road shape 1s a linear section, a target lateral acceleration
determined by the first graph GA coincides with a target
lateral acceleration determined by the second graph GB. The
target lateral acceleration map for an overtaking lane and the
target lateral acceleration map for a drive lane that satisiy
such relationships are stored in advance in the storage unit
19 provided in the ECU 7.

The target lateral acceleration setting unit 16 refers to the
storage unmit 19 provided 1in the ECU 7 and selects the target
lateral acceleration map for an overtaking lane (first graph
GA), in the case where the lane determination unit 14
determines that the lane on which the vehicle V 1s driving 1s
the overtaking lane. Meanwhile, the target lateral accelera-
tion setting unit 16 selects the target lateral acceleration map
for a drive lane (second graph GB) with reference to the
storage unit 19 with that the ECU 7 1s equipped, 1n a case
where the lane determination unit 14 determines that the
lane on which the vehicle V 1s driving 1s a drive lane (a lane
other than the overtaking lane). Then, the target lateral
acceleration setting unit 16 sets a target lateral acceleration
on a curve, on the basis of the curve radius acquired by the
curve radius acquisition unit 120 and the target lateral
acceleration map referred to. As described above, the first
graph GA 1s set to be greater than the second graph GB. For
this reason, 1n a case where the lane determination unit 14
determines that the lane on which the vehicle V 1s driving 1s
the overtaking lane, the target lateral acceleration setting
unit 16 sets the target lateral acceleration on the curve to be
higher than the target lateral acceleration on the curve when
the lane determination unit 14 determines that the lane on
which the vehicle V 1s driving 1s not the overtaking lane.
That 1s, the target lateral acceleration setting unit 16 sets the
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target lateral acceleration to be higher than that 1n a case
where 1t 1s assumed that the lane on which the vehicle V 1s
driving 1s the drive lane, 1n a case where the lane on which
the vehicle V 1s driving 1s the overtaking lane.

The target speed calculation umt 17 calculates a target
speed on the curve on the basis of the target lateral accel-
cration set by the target lateral acceleration setting umt 16
and the curve radius acquired by the curve radius acquisition
unit 120. The target speed can be calculated by substituting,
the curve radius and the target lateral acceleration in a
general equation of vehicle motion. In the general equation
ol vehicle motion, the target speed has a relationship pro-
portional to the target lateral acceleration and the curve
radius.

FIG. 4 1s an example of graphs illustrating relationships
between calculation results of target speeds, and curve radia.
A first target speed graph TV1 shows a relationship between
target speeds and curve radii 1n the overtaking lane. The first
target speed graph TV1 1s a graph obtained by plotting target
speeds, which are calculated using the target lateral accel-
cration map (first graph GA) for an overtaking lane of FIG.
3, for respective curve radius. The second target speed graph
TV2 shows a relationship between target speeds and curve
radi1 1in a drive lane. That 1s, the second target speed graph
TV2 1s a graph obtained by plotting target speeds, which are
calculated using the target lateral acceleration map (second
graph GB) for a drive lane of FIG. 3, for respective curve
radii. As illustrated 1n FIG. 4, the target speed calculation
unit 17 calculates a higher target speed than that in a case
where the lane on which the vehicle V 1s driving 1s not the
overtaking lane, 1n a case where the lane on which the
vehicle V 1s driving 1s the overtaking lane.

In addition, the target speed calculation unit 17 sets a
target speed 1n a range that does not exceed a speed that 1s
set 1n advance by a driver or a speed that 1s determined
according to law. That 1s, 1n a case where the a target speed
calculated using the target lateral acceleration map exceeds
a speed that 1s set 1n advance by a driver or a speed that 1s
determined according to law, the target speed calculation
unit 17 sets the speed that 1s set 1n advance by a driver or the
speed that 1s determined according to law, to the target
speed.

The speed control unit 18 controls the speed of the vehicle
V on the basis of the target speed and the speed of the vehicle
V. The speed control unit 18 performs the speed control of
reducing the speed of the vehicle V in accordance with the
target speed, 1n a case where the speed of the vehicle V 1s
greater than the target speed. The speed control unit 18
outputs a control signal to the actuator 6, and controls to
decelerate the vehicle V. The speed control unit 18 matches
the speed of the vehicle V with the target speed until the
vehicle V reaches a curve after the target speed 1s calculated
by the target speed calculation unit 17.

Next, driving control processing will be described. FIG. 5
1s a flowchart of the driving control processing of the vehicle
control system 100. The flowchart illustrated in FIG. 5 1s
started at a timing such that a speed control ON/OFF switch
1s turned on, as an example.

As 1llustrated in FIG. 5, the vehicle position recognition
unit 11 acquires the vehicle position of the vehicle V, as
vehicle position acquisition processing (S10). The vehicle
position recognition unit 11 recognizes the vehicle position
of the vehicle V on a map, on the basis of the positional
information of the vehicle V received by the GPS receiving
unit 3, and the map information of the map database 5.

Next, the curve radius acquisition unit 120 acquires the
curve radius of a curve of a drive road in front of the vehicle
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V, as curve radius acquisition processing (S12). For
example, 1n the driving environment illustrated in FIG. 2, the
curve radius acquisition unit 120 specifies that a road section
in front of the vehicle V 1s any of the first road section D1
to the fifth road section DS, on the basis of the positional
information of the vehicle V acquired by the vehicle position
recognition unit 11 and the map information of the map
database 5, and acquires each curve radius on the basis of the
map information of the map database 5. Then, the curve
radius acquisition unit 120 specifies a road section where the
curve radius 1s equal to or less than the predetermined
threshold value, as a curve. Then, the curve radius acquisi-
tion unit 120 acquires the curve radius of the curve.

Next, the lane determination unit 14 determines whether
or not the lane on which the vehicle V 1s drniving 1s the
overtaking lane 1n one-way multiple lanes, on the basis of
the 1mage information acquired by the image information
acquisition unit 121, as lane determination processing (S14).
For example, 1n the driving environment 1llustrated in FIG.
2, the lane determination unit 14 recognizes that the lane on
which the vehicle V drives 1s demarcated by the second lane
boundary layer .12 and the third lane boundary layer 113 on
the basis of the image information. Then, the lane determi-
nation unit 14 determines whether or not the lane on which
the vehicle V 1s driving 1s the overtaking lane in the one-way
multiple lanes, on the basis of the line types of the second
lane boundary layer Li12 and the third lane boundary layer
[13. In a case where 1t 1s determined that the lane on which
the vehicle V 1s driving 1s the overtaking lane 1n the one-way
multiple lanes on the lane determination processing (S14),
the processing proceeds to map selection processing (S16).

The target lateral acceleration setting unit 16 selects the
target lateral acceleration map for an overtaking lane, as map
selection processing (S16). The target lateral acceleration
setting unit 16 refers to the storage unit 19 provided in the
ECU 7 and selects the target lateral acceleration map for an
overtaking lane (for example, the first graph GA of FIG. 3).
A target lateral acceleration in the same curve radius in the
target lateral acceleration map for an overtaking lane 1s set
to be greater than that 1n the target lateral acceleration map
for a drive lane. If the map selection processing (S16) 1s
completed, the processing proceeds to target lateral accel-
eration setting processing (S20).

On the other hand, 1n a case where 1t 1s not determined that
the lane on which the vehicle V 1s driving 1s the overtaking
lane 1n the one-way multiple lanes on the lane determination
processing (S14), the processing proceeds to map selection
processing (S18).

The target lateral acceleration setting unit 16 selects the
target lateral acceleration map for an overtaking lane, as map
selection processing (S18). The target lateral acceleration
setting unit 16 refers to the storage unit 19 provided in the
ECU 7 and selects the target lateral acceleration map for a
drive lane (for example, the second graph GB of FIG. 3). A
target lateral acceleration in the same curve radius in the
target lateral acceleration map for a drive lane 1s set to be
smaller than that in the target lateral acceleration map for an
overtaking lane. If the map selection processing (S18) 1s
completed, the processing proceeds to the target lateral
acceleration setting processing (S20).

The target lateral acceleration setting umit 16 sets a target
lateral acceleration, on the basis of the curve radius acquired
on the curve radius acquisition processing (S12) and the
target lateral acceleration map selected 1n the selection
processing (S16 or S18), as target lateral acceleration setting,
processing (S20). If the target lateral acceleration setting
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processing (S20) 1s completed, the processing proceeds to
target speed calculation processing (S22).

The target speed calculation umt 17 calculates a target
speed, on the basis of the target lateral acceleration set in the
target lateral acceleration setting processing (S20) and the
curve radius acquired on the curve radius acquisition pro-
cessing (S12), as target speed calculation processing (S22).
The target speed calculation unit 17 calculates the target
speed by substituting the target lateral acceleration and the
curve radius in the general equation of motion. Accordingly,
for example, as 1illustrated 1n FIG. 4, a target speed (first
target speed graph TV1) in a case where the vehicle V drives
on the overtaking lane become greater value than a target
speed (the second target speed graph TV2) in a case where
the vehicle V drives on a drive lane, in the same curve
radius. IT the target speed calculation processing (S22) 1s
completed, the processing proceeds to vehicle speed acqui-
sition processing (S24).

The speed acquisition unit 130 acquires the speed of the
vehicle V from a speed sensor that 1s the internal sensor 4,
as vehicle speed acquisition processing (S24). If the vehicle
speed acquisition processing (S24) 1s completed, the pro-
cessing proceeds to speed determination processing (S26).

The speed control unit 18 determines whether or not the
target speed calculated by the target speed calculation pro-
cessing (S22) 1s smaller than the speed of the vehicle
acquired by the vehicle speed acquisition processing (S24),
as the speed determination processing (526). In a case where
it 1s determines that the target speed 1s smaller than speed of
the vehicle 1n the speed determination processing (S26), the
processing proceeds to deceleration processing (S28).

The speed control unit 18 reduces the speed of the vehicle
V so as to match the target speed, on the basis of the target
speed and the speed of the vehicle V, as the deceleration
processing (S28). The speed control unit 18 outputs a control
signal to the actuator 6, and matches the speed of the vehicle
V with the target speed until the vehicle V reaches the curve
alfter the target speed i1s calculated by the target speed
calculation unit 17. If the deceleration processing (S28) 1s
completed, the driving control processing 1llustrated in FIG.
5 1s completed.

On the other hand, 1n a case where 1t 1s not determined that
the target speed 1s smaller than the speed of the vehicle in the
speed determination processing (S26), the processing pro-
ceeds to acceleration processing (S30). The speed control
unit 18 increases the speed of the vehicle V so as to match
the target speed, on the basis of the target speed and the
speed of the vehicle V, as the acceleration processing (S30).
The speed control unit 18 outputs a control signal to the
actuator 6, and accelerates the vehicle V. In addition, the
speed control unit 18 1s accelerated 1n the range that does not
exceed the speed that 1s set 1n advance by a driver or the
speed that 1s determined according to law. The speed control
unit 18 maintains the current speed of the vehicle V, in a case
where the speed of the vehicle V 1s equal to the target speed.
If the acceleration processing (S30) 15 completed the driv-
ing control processing illustrated in FIG. 5 1s completed.
In a case where the driving control preeessmg illustrated
in FIG. 5 1s completed, the processing 1s again executed 1n
order from S10. That i1s, the driving control processing
illustrated 1n FIG. 5 1s repeatedly executed. In addition, 1n a
case where the speed control ON/OFF switch 1s turned off,
the driving control processing 1s not repeatedly executed
even 1n a case where the deceleration processing (S28) or the
acceleration processing (S30) 1s completed.

As described above, 1n the vehicle driving control device
1 according to the first embodiment, when the target lateral
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acceleration on the curve acquired by the curve radius
acquisition unit 120 1s set, 1n a case where the lane deter-

mination unit 14 determines that the lane on which the
vehicle V 1s driving 1s the overtaking lane, the target lateral
acceleration on the curve 1s set to be higher than the target
lateral acceleration on the curve when the lane determination
unit 14 determines that the lane on which the vehicle V 1s
driving 1s not the overtaking lane. For this reason, the
vehicle driving control device 1 can calculate the target
speed to be higher than that 1n a case where the vehicle V
drives on other lanes, when the vehicle V drives the over-
taking lane, even 1n a case where the target speed becomes
lower than the current speed of the vehicle V according to
the shape of the drive road in front of the vehicle V. Hence,

when the vehicle V drives on the overtaking lane in a case
where the vehicle V 1s decelerated according to the shape of
the drive road in front of the vehicle V, the vehicle driving
control device 1 can make the vehicle V drive at a higher
speed than that when the vehicle 1s not driving on the
overtaking lane.

There 1s a tendency 1n which a driver 1s conscious of the
vehicle driving at a higher speed than that in a case where
the vehicle 1s driving on another lane, when the vehicle 1s
driving on the overtaking lane 1n the one-way multiple lanes,
even 1n a case where the vehicle 1s decelerated so as to have
the target speed set according to the shape of the drive road
in front of the vehicle V. That 1s, upper limits or lower limits
of target speeds assumed by a driver are different from each
other 1n the overtaking lane and a drive lane. For this reason,
if the target speeds are equally set according to a curve
shape, there 1s a concern that drivability may degrade
particularly when a vehicle 1s driving on the overtaking lane.
Since the vehicle driving control device 1 according to the
first embodiment can calculate the target speeds that are
different from each other 1n the overtaking lane and the drive
lane and can calculate the target speed of the overtaking lane
to be higher than the target speed of the drive lane, degra-
dation of drivability can be avoided.

Second Embodiment

A vehicle driving control device 1A according to a second
embodiment 1s different from the vehicle driving control
device 1 according to the first embodiment in that 1t 1s
determined whether the lane on which the vehicle V 1is
driving 1s an outside lane of a curve in one-way multiple
lanes or an inside lane of the curve, and a target lateral
acceleration 1s calculated on the basis of the determination
result. Specifically, the vehicle driving control device 1A 1s
different from the vehicle driving control device 1 in that a
target lateral acceleration setting unit 16A 1s 1ncluded
instead of the target lateral acceleration setting unit 16, and
a lane information determination unit 15 1s included. The
other configurations of the vehicle driving control device 1A
are the same as those of the vehicle driving control device
1. Hereinatter, the description of the same configuration as
the vehicle driving control device 1 will be omitted, and
differences between the vehicle driving control device 1A
and the vehicle driving control device I will mainly be
described.

FIG. 6 1s a block diagram illustrating the configuration of
the vehicle V including the vehicle driving control device
1A according to the second embodiment. As 1illustrated 1n
FIG. 6, the ECU 7A includes the vehicle position recogni-
tion unit 11, the external situation recognition unit 12, the
driving state recognition unit 13, the lane determination unit
14, the lane information determination unit 15, the target
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lateral acceleration setting unit 16A, the target speed calcu-
lation unit 17, and the speed control unit 18. As an example,
the vehicle driving control device 1A 1s configured to
include the external situation recognition unit 12, the driving
state recognition unit 13, the lane determination unit 14, the
lane information determination unit 15, the target lateral
acceleration setting unit 16 A, the target speed calculation
unit 17, and the speed control unit 18.

The lane information determination unit 15 determines
whether or not the lane on which the vehicle V 1s driving 1s
the outside lane of the curve or the mside lane of the curve
in the one-way multiple lanes, on the basis of image infor-
mation. The image information obtained by imaging the
surroundings of the vehicle V 1s the information of an 1mage
including the lane on which the vehicle V 1s driving, and an
overall drive road 1n front of the vehicle V. The outside lane
of the curve 1n the one-way multiple lanes 1s a lane that 1s
farthest from a central point that defines a curve radius,
among 1n a road where two or more lanes 1n which vehicle
driving directions become the same direction are present.
The 1nside lane of the curve in the one-way multiple lanes
1s a lane that 1s closest to the central point that defines the
curve radius, among 1n the road where the two or more lanes
in which the vehicle driving directions become the same
direction are present. In a case where the driving environ-
ment 1llustrated 1n FIG. 2 1s used as an example, the second
road section D2 1s present 1n front of the vehicle V that 1s
driving on the second lane LA2. The lane information
determination unit 15 determines that the second road sec-
tion D2 1s a left curve, on the basis of the image information.
The lane information determination unit 15 detects the shape
of the first lane boundary layer Lil of the second road
section D2, the shape of the second lane boundary layer 112
of the second road section D2, or the shape of the third lane
boundary layer 113 of the second road section D2, on the
basis of the image mformation, and determines that the
shape 1s curved 1in either a leftward direction or 1n a
rightward direction with respect to the vehicle driving
direction. The lane information determination unit 15 deter-
mines that the shape of the first lane boundary layer Lil of
the second road section D2 1s curved 1n the leftward direc-
tion, on the basis of the image information. The third road
section D3 to the fifth road section D5 are also determined
by the same processing as the determination processing for
the second road section D2. The lane mformation determi-
nation unit 15 determines that the shape of the first lane
boundary layer L1l of the third road section D3 1s curved in

the nghtward direction, on the basis of the image informa-
tion. The lane mnformation determination unit 15 determines
that the shape of the first lane boundary layer Lil of the
fourth road section D4 1s curved 1n the rightward direction,
on the basis of 1image information. The lane information
determination umt 15 determines that the shape of the first
lane boundary layer L1l of the fifth road section DS 1s not
curved 1n any of the leftward and rightward directions (that
1s, a road section 1s a linear section), on the basis of the
image information.

The lane information determination unit 15 determines
whether or not the lane on which the vehicle V 1s driving 1s
the outside lane of the curve or the 1nside lane of the curve
in the one-way multiple lanes, on the basis of the curving
direction ol a road shape and the position of the lane on
which the vehicle V 1s driving. Since the shape of the first
lane boundary layer L1l of the second road section D2 1is
curved 1n the leftward direction, and the second lane bound-
ary layer .12 on which the vehicle V drives 1s a rightmost
lane of the one-way multiple lanes, the lane information
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determination unit 15 determines that the lane on which the
vehicle V 1s driving in the second road section D2 1s the
outside lane of the curve in the one-way multiple lanes.
Additionally, since the shape of the first lane boundary layer
L11 of the third road section D3 1s curved in the nghtward
direction, and the second lane boundary layer 1.12 on which
the vehicle V drives 1s the rightmost lane of the one-way
multiple lanes, the lane information determination unit 15
determines that the lane on which the vehicle V 1s driving 1n
the third road section D3 1s the 1nside lane of the curve in the
one-way multiple lanes. Additionally, since the shape of the
first lane boundary layer Lil of the fourth road section D4
1s curved 1n the rightward direction, and the second lane
boundary layer 112 on which the vehicle V drives 1s the
rightmost lane of the one-way multiple lanes, the lane
information determination unit 15 determines that the lane
on which the vehicle V 1s driving in the fourth road section
D4 1s the mnside lane of the curve in the one-way multiple
lanes. Additionally, since the shape of the first lane boundary
layer L11 of the fifth road section D5 1s not curved 1n any of
the leftward and rnightward directions, the lane information
determination unit 15 determines that the lane on which the
vehicle V 1s driving 1n the {ifth road section D5 1s not any
of the outside lane of the curve or the inside lane of the curve
in the one-way multiple lanes.

Moreover, the lane information determination unmit 15 may
perform final determination by combining a determination

result based on the 1image information and a determination
result based on the other information. Heremnafter, an
example ol determination processing based on the other
information will be described. The lane information deter-
mination umt 15 determines whether or not the lane on
which the vehicle V 1s driving 1s one-way multiple lanes, on
the basis of the vehicle position recognized by the vehicle
position recognition unit 11 and the map information of the
map database 5. The lane information determination unit 135
determines whether or not the lane on which the vehicle V
1s driving 1s one-way multiple lanes, on the basis of the
number of lanes associated with the map information cor-
responding to the position of the vehicle V, and the posi-
tional information of the vehicle V. Then, the lane informa-
tion determination unit 15 recognizes the lane on which the
vehicle V 1s driving from the multiple lanes, on the basis of
the vehicle position of the vehicle V and the map informa-
tion. Then, the lane information determination unit 15 deter-
mines that a road section in front of the vehicle V 1s curved
in any direction of the leftward and rightward directions
with respect to the vehicle driving direction, on the basis of
the vehicle position recogmized by the vehicle position
recognition unit 11 and the map information of the map
database 5. Accordingly, the lane information determination
unit 15 can determine whether or not the lane on which the
vehicle V 1s dnving 1s the outside lane of the curve or the
inside lane of the curve 1n the one-way multiple lanes. In this
way, the position of the lane on which the vehicle V 1s
cnvmg may be recognized using the information other than
the 1mage mnformation, and whether or not the vehicle V 1s
driving on the outside lane of the curve or the inside lane of
the curve may be determined from the recognition result.
The lane information determination unit 15 may determine
whether or not the lane on which the vehicle V 1s driving 1s
the outside lane of the curve or the inside lane of the a curve,
on the basis of the image information, 1 a case where 1t 1s
determined that the lane on which the vehicle V is driving
1s the outside lane of the curve or the mside lane of the curve
on the basis of the other information.
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The target lateral acceleration setting unit 16 A 1s different
from the target lateral acceleration setting unit 16 1n that not
only the target lateral acceleration 1s set in consideration of
whether or not the lane on which the vehicle V 1s driving 1s
the overtaking lane but also, the target lateral acceleration 1s
set 1n consideration of whether or not the lane on which the
vehicle V 1s driving 1s the outside lane of the curve or the
inside lane of the curve.

The target lateral acceleration maps (graphs) that the
target lateral acceleration setting unit 16 A refers to 1s clas-
sified mto four maps for an overtaking lane and an inside
lane of a curve, for an overtaking lane and an outside lane
of a curve, for a drive lane and an inside lane of a curve, and
for a drive lane and an outside lane of a curve. FIG. 7 1s an
example of target lateral acceleration maps (graphs) 1llus-
trating relationships between target lateral accelerations and
curve radii. As illustrated 1n a fifth graph GA1 to an eighth
graph GB2 of FIG. 7, a relationship 1n which a target lateral
acceleration becomes smaller as a curve radius 1s greater 1s
provided. A target lateral acceleration map for an overtaking
lane and the 1nside lane of the curve 1s the fifth graph GA1.
A target lateral acceleration map for an overtaking lane and
an outside lane of a curve 1s the sixth graph GA2. A target
lateral acceleration map for a drive lane and an inside lane
of a curve 1s the seventh graph GB 1. A target lateral
acceleration map for a drive lane and an outside lane of a
curve 1s the eighth graph GB2. The fifth graph GA1 and the
sixth graph GA2 are set to be greater than the seventh graph
GB1 and the eighth graph GB2. That 1s, the target lateral
acceleration of the overtaking lane 1s set to be greater than
the target lateral acceleration of the drive lane. Moreover, the
fifth graph GA1 1s set to be greater than the sixth graph GA2,
and the seventh graph GB1 1s set to be greater than the eighth
graph GB2. That 1s, the target lateral acceleration of the
inside lane of the curve 1s set to be greater than the target
lateral acceleration of the outside lane of the curve. The
target lateral acceleration maps that satisty such relation-
ships are stored in advance 1n the storage unit 19 provided
in the ECU 7.

The target lateral acceleration setting unit 16 A refers to
the storage unit 19 provided in the ECU 7 and selects the
target lateral acceleration map for an overtaking lane (fifth
graph GA1l), 1n a case where the lane determination unit 14
determines that a lane on which the vehicle V 1s driving 1s
an overtaking lane and an inside lane of a curve. The target
lateral acceleration setting umt 16 A refers to the storage unit
19 provided 1n the ECU 7 and selects the target lateral
acceleration map for an overtaking lane and an outside lane
of a curve (sixth graph GA2), in a case where the lane
determination unit 14 determines that an lane on which the
vehicle V 1s drniving 1s the overtaking lane and an outside
lane of the curve. On the other hand, the target lateral
acceleration setting unit 16 A refers to the storage unit 19
provided 1n the ECU 7 and selects the target lateral accel-
eration map for an overtaking lane and an inside lane of a
curve (seventh graph GB1), in a case where the lane
determination unit 14 determines that the lane on which the
vehicle V 1s driving 1s a drive lane and the inside lane of the
curve. The target lateral acceleration setting unit 16 A refers
to the storage unit 19 provided 1n the ECU 7 and selects the
target lateral acceleration map for a drive lane and an outside
lane of a curve (eighth graph GB2), 1n a case where the lane
determination unit 14 determines that the lane on which the
vehicle V 1s driving 1s the drive lane and the outside lane of
the curve.

Then, the target lateral acceleration setting unit 16 A sets
a target lateral acceleration on the curve, on the basis of the
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curve radius acquired by the curve radius acquisition unit
120 and the target lateral acceleration map referred to. As
described above, the target lateral acceleration 1n the nside
lane of the curve in the overtaking lane or the drive lane 1s
set to be greater than that 1n the outside lane of the curve. For
this reason, 1n a case where the lane determination unit 14
determines that the lane on which the vehicle V 1s driving 1s
the overtaking lane and the lane information determination
unit 15 determines that the lane on which the vehicle V 1s
driving 1s the inside lane of the curve, the target lateral
acceleration setting umit 16 A sets the target lateral accelera-
tion on the curve to be higher than the target lateral accel-
eration on the curve when the lane mformation determina-
tion unit 15 determines that the lane on which the vehicle V
1s driving 1s the outside lane of the curve. That 1s, the target
lateral acceleration setting unit 16 A sets the target lateral
acceleration to be higher than that in a case where 1t 1s
assumed that the lane on which the vehicle V 1s driving 1s the
overtaking lane and the outside lane of the curve, in a case
where the lane on which the vehicle V is driving 1s the
overtaking lane and the inside lane of the curve.

The other configurations of the vehicle driving control
device 1A are the same as those of the vehicle driving
control device 1.

Next, driving control processing will be described. FIG. 8
1s a flowchart of the driving control processing of the vehicle
control system 100A. The tlowchart illustrated in FIG. 8 1s
started at a timing such that a speed control ON/OFF switch
1s turned on, as an example.

As 1llustrated 1n FIG. 8, the vehicle position recognition
umt 11 acquires the vehicle position of the vehicle V, as
vehicle position acquisition processing (S40). This process-
ing 1s the same as the vehicle position acquisition processing
(510) of FIG. 5.

Next, the curve radius acquisition unit 120 acquires the
curve radius of a curve of a drive road 1n front of the vehicle
V, as curve radius acquisition processing (S42). This pro-
cessing 1s the same as the curve radius acquisition process-
ing (512) of FIG. 5.

Next, the lane determination unit 14 determines whether
or not the lane on which the vehicle V 1s drniving 1s the
overtaking lane on the curve of the one-way multiple lanes,
on the basis of the image information acquired by the image
information acquisition umt 121, as lane determination
processing (S44). This processing 1s the same as the lane
determination processing (S14) of FIG. 5. In a case where 1t
1s determined that the lane on which the vehicle V 1s driving
1s the overtaking lane on the curve of the one-way multiple
lanes on the lane determination processing (S44), the pro-
cessing proceeds to curve inside determination processing
(S46).

The lane information determination unit 15 determines
whether or not the lane on which the vehicle V 1s driving 1s
an outside lane of the curve or an 1nside lane of the curve 1n
the one-way multiple lanes, on the basis of on the basis of
the 1mage mformation acquired by the 1mage information
acquisition unit 121, as curve nside determination process-
ing (S46). For example, 1n the driving environment 1llus-
trated 1n FIG. 2, the lane information determination unit 15
recognizes that the lane on which the vehicle V drives 1s
demarcated by the second lane boundary layer .12 and the

third lane boundary layer 113 on the basis of the image
information. Then, the lane information determination unit
15 determines whether or not the lane on which the vehicle
V 1s driving 1s the mside lane of the curve in the one-way
multiple lanes, on the basis of the curving direction of a road
shape and the position of the lane on which the vehicle V 1s
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driving. Since the shape of the first lane boundary layer Lil
of the third road section D3 i1s curved m the nghtward
direction, and the second lane boundary layer .12 on which
the vehicle V drives 1s a rightmost lane of the one-way
multiple lanes, the lane information determination unit 15
determines that the lane on which the vehicle V 1s driving 1n
the second road section D2 1s the 1nside lane of the curve in
the one-way multiple lanes. In a case where it 1s determined
that the lane on which the vehicle V 1s driving 1s the inside
lane of the curve 1n the one-way multiple lanes on the curve
inside determination processing (S46), the processing pro-
ceeds to map selection processing (S48).

The target lateral acceleration setting unit 16 A selects the
target lateral acceleration map for an overtaking lane and an
inside lane of a curve, as map selection processing (S48).
The target lateral acceleration setting unit 16 A selects the
target lateral acceleration map for an overtaking lane and an
inside lane of a curve (for example, the fifth graph GA1 of
FIG. 7) with reference to the storage unit 19 provided 1n the
ECU 7. A target lateral acceleration in the same curve radius
in the target lateral acceleration map for an overtaking lane
1s set to be greater than that 1n the target lateral acceleration
map for a drive lane. Moreover, a target lateral acceleration
in the same curve radius 1n the target lateral acceleration
map for an overtaking lane and an inside lane of a curve 1s
set to be greater than that 1n the target lateral acceleration
map for an overtaking lane and an outside lane of a curve.
If the map selection processing (S48) 1s completed, the
processing proceeds to target lateral acceleration setting
processing (S60).

On the other hand, 1n a case where 1t 1s not determined that
the lane on which the vehicle V 1s driving 1s the nside lane
of the curve i the one-way multiple lanes on the curve
inside determination processing (S46), the processing pro-
ceeds to map selection processing (S50). The target lateral
acceleration setting unit 16 A selects the target lateral accel-
eration map for an overtaking lane and an outside lane of a
curve, as the map selection processing (S50). The target
lateral acceleration setting unit 16 A selects the target lateral
acceleration map for an overtaking lane and an outside lane
of a curve (for example, the sixth graph GA2 of FIG. 3) with
reference to the storage unit 19 provided m the ECU 7. A
target lateral acceleration in the same curve radius in the
target lateral acceleration map for an overtaking lane 1s set
to be greater than that in the target lateral acceleration map
for a drive lane. Moreover, a target lateral acceleration 1n the
same curve radius 1n the target lateral acceleration map for
an overtaking lane and an outside lane of a curve 1s set to be
smaller than that 1n the target lateral acceleration map for an
overtaking lane and an inside lane of a curve. If the map
selection processing (S350) 1s completed, the processing
proceeds to the target lateral acceleration setting processing,
(S60).

On the other hand, 1n a case where 1t 1s not determined that
the lane on which the vehicle V 1s driving 1s the overtaking,
lane on the curve of the one-way multiple lanes on the lane
determination processing (S44), the processing proceeds to
curve nside determination processing (S352). The lane infor-
mation determination unit 15 determines whether or not the
lane on which the vehicle V 1s driving 1s the outside lane of
the curve or the inside lane of the curve in the one-way
multiple lanes, on the basis of on the basis of the image
information acquired by the image information acquisition
unit 121, as the curve inside determination processing (S52).
This processing 1s the same as the curve inside determina-
tion processing (S46). In a case where 1t 1s determined that
the lane on which the vehicle V 1s driving 1s the nside lane
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of the curve in the one-way multiple lanes on the curve
inside determination processing (S52), the processing pro-
ceeds to map selection processing (554).

The target lateral acceleration setting unit 16 A selects the
target lateral acceleration map for a drive lane and an inside
lane of a curve, as the map selection processing (S54). The
target lateral acceleration setting unit 16 A selects the target
lateral acceleration map for a drive lane and an inside lane
of a curve (for example, the seventh graph GB1 of FIG. 7)
with reference to the storage unit 19 provided in the ECU 7.
A target lateral acceleration in the same curve radius in the
target lateral acceleration map for a drive lane 1s set to be
smaller than that in the target lateral acceleration map for an
overtaking lane. Moreover, a target lateral acceleration 1n the
same curve radius 1n the target lateral acceleration map for
a drive lane and an 1nside lane of a curve 1s set to be greater
than that i the target lateral acceleration map for a drive
lane and an outside lane of a curve. If the map selection
processing (S54) 1s completed, the processing proceeds to
the target lateral acceleration setting processing (S60).

On the other hand, 1n a case where it 1s not determined that
the lane on which the vehicle V 1s driving 1s the 1nside lane
of the curve i the one-way multiple lanes on the curve
inside determination processing (S52), the processing pro-
ceeds to map selection processing (S56). The target lateral
acceleration setting unit 16 A selects the target lateral accel-
eration map for a drive lane and an outside lane of a curve,
as the map selection processing (S56). The target lateral
acceleration setting unit 16 A selects the target lateral accel-
cration map for a drive lane and an outside lane of a curve
(for example, the eighth graph GB2 of FIG. 7) with refer-
ence to the storage unit 19 provided in the ECU 7. A target
lateral acceleration 1n the same curve radius in the target
lateral acceleration map for a drive lane 1s set to be smaller
than that in the target lateral acceleration map for an
overtaking lane. Moreover, a target lateral acceleration in the
same curve radius in the target lateral acceleration map for
a drive lane and an outside lane of a curve 1s set to be smaller
than that in the target lateral acceleration map for a drive
lane and an inside lane of a curve. If the map selection
processing (S56) 1s completed, the processing proceeds to
the target lateral acceleration setting processing (S60).

The target lateral acceleration setting unit 16A sets a
target lateral acceleration, on the basis of the curve radius
acquired on the curve radius acquisition processing (S42)
and the target lateral acceleration map selected 1n the selec-
tion processing (S48 or S56), as the target lateral accelera-
tion setting processing (S60). I the target lateral accelera-
tion setting processing (S60) 1s completed, the processing
proceeds to target speed calculation processing (S62).

Since the target speed calculation processing (S62),
vehicle speed acquisition processing (S64), speed determi-
nation processing (S66), deceleration processing (S68), and
acceleration processing (S70) are respectively the same as
the target speed calculation processing (S22), the vehicle
speed acquisition processing (S24), the speed determination
processing (526), the deceleration processing (S28), and the
acceleration processing (S30) that are 1llustrated 1n FIG. 5,
the description thereof will be omatted.

In a case where the driving control processing illustrated
in FIG. 8 1s completed, the processing 1s again executed 1n
order from S40. That 1s, the driving control processing
illustrated 1n FIG. 8 1s repeatedly executed. In addition, 1n a
case where the speed control ON/OFF switch 1s turned off,
the driving control processing 1s not repeatedly executed
even 1n a case where the deceleration processing (S68) or the
acceleration processing (S70) 1s completed.
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As described above, according to the vehicle driving
control device 1A according to the second embodiment,
even 1n a case where a target speed lower than the current
speed of a vehicle 1s set according to the shape of the drive
road 1n front of the vehicle V, when the lane determination
unit 14 determines that the lane on which the vehicle V 1s
driving 1s the overtaking lane, the target speed when the
vehicle V drives on the inside lane of the curve can be set
to be higher than the target speed when the vehicle V drives
on the outside lane of the curve. Additionally, there 1s a
tendency 1n which a driver allows the vehicle to drive at a
higher speed than that in the outside lane of the curve
because a greater space outside the vehicle than that in the
outside lane of the curve 1s secured, when the vehicle 1s
driving on the inside lane of the curve in the one-way
multiple lanes, even 1n a case where the vehicle V 1s
decelerated so as to have the target speed set according to the
shape of the drive road 1n front of the vehicle V. That 1s, the
vehicle driving control device 1A can make the vehicle V
drive at a higher speed than that in the outside lane of the
curve, when the vehicle 1s driving on the inside lane of the
curve, 1n a case where the vehicle V 1s decelerated according
to the road shape of the drive road 1n front of the vehicle V
in consideration of such a driver’s tendency.

Additionally, as described above, upper limits or lower
limits of target speeds assumed by a driver are different from
cach other 1n the 1nside lane of the curve and the outside lane
of the curve. For this reason, if the target speeds are equally
set according to a curve shape, there 1s a concern that
drivability may degrade particularly when a vehicle is
driving on the mside lane of the curve or the outside lane of
the curve. Since the vehicle driving control device 1 accord-
ing to the second embodiment can calculate the target speeds
that are different from each other 1n the inside lane of the
curve and the outside lane of the curve and can calculate the
target speed of the inside lane of the curve to be higher than
the target speed of the outside lane of the curve, degradation
ol drivability can be avoided.

Although the embodiments of the disclosure have been
described above, the disclosure 1s not limited to the above-
described embodiments. The disclosure can be implemented
in various forms in which various changes and improve-
ments are made to the above-described embodiments on the
basis of the knowledge of a person’s skilled in the art.

For example, although an example 1n which the vehicle V
drives on the road of one-way double lanes as illustrated 1n
FIG. 2 has been described in the above-described first
embodiment, cases where the vehicle V drives on roads
equal to or more than one-way three lanes may be adopted.
In the first embodiment, even in the road of one-way three
lanes, target lateral acceleration maps are set such that the
target lateral acceleration of the overtaking lane becomes
greater than the target lateral accelerations of the other two
lanes. Here, 1t 1s supposed that three lanes of a first drive
lane, a second drive lane, and the overtaking lane, are
present sequentially from the left. Target lateral acceleration
maps 1n this case are illustrated in FIG. 9. FIG. 9 1s still
another example of the target lateral acceleration maps
(graphs) illustrating relationships between target lateral
accelerations and curve radii. As illustrated 1n FIG. 9, a first
graph GA 1s a target lateral acceleration map for an over-
taking lane, a second graph GB 1s a target lateral acceleration
map for a first drive lane, and a third graph GC 1s a target
lateral acceleration map for a second drive lane. In this case,
even 1n three or more lanes, by setting the target lateral
acceleration maps for respective lanes, a vehicle can be
made to drive at a higher speed than that when the vehicle
1s not driving on an overtaking lane, when the vehicle drives
on the overtaking lane, in a case where the vehicle 1s
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decelerated according to the shape of a drive road 1n front of
the vehicle. Additionally, the second embodiment i1s not
limited to the road of one-way double lanes, and may be a
road of one-way three lanes or more.

Additionally, in the above-described first and second
embodiments, an example i which a curve radius 1is
acquired from the map database 5 provided in the vehicle V

has been described as an example 1n which the curve radius
1s acquired. However, the curve radius acquisition unit 120
may use a curve radius that the vehicle V has learned. For
example, the vehicle V just has to include a steering sensor
that detects the amount of steering, as the internal sensor 4,
and just has to store a curve radius and a driving position
obtained from the amount of steering in the storage unit 19
of the vehicle V. Otherwise, a configuration may be adopted
in which a computer of a facility, such as an information
processing center, communicates with the vehicle V and
other vehicles, the curve radius of the learned map database
5 provided 1n each vehicle 1s collected, and the collected
curve radius 1s transmitted to the vehicle V. Additionally, the
curve radius acquisition umt 120 may be configured to be
able to acquire a curve radius 1n the map database 5 of the
vehicle V, a curve radius acquired by learning, a curve radius
in a computer of a facility, and the acquired curve radi1 may
be adopted. When the curve radius acquisition unit 120 has
been able to acquire a plurality of radi1 1n a case where the
curve radius acquisition unit 1s configured 1n this way, the
curve radius acquired by learming, the curve radius 1n the
map database 5 of the vehicle V, and the curve radius 1n a
computer of a facility just have to be preferentially adopted
in this order.

Additionally, although an example in which speed control
1s performed using a curve radius has been described in the
above-described first and second embodiments, road curva-
ture may be used instead of the curve radius. The road
curvature 1s an nverse number of the curve radius.

Additionally, in the above-described first and second
embodiments, the external sensor 2 may also further include
a radar or a laser imaging detection and ranging (LIDAR).
Additionally, other means capable of specitying the latitude
and the longitude where the vehicle V 1s present may be used
instead of the GPS receiving unit 3. Additionally the internal
sensor 4 may also further include an acceleration sensor or
a yawing rate sensor. Additionally, the map database 5 may
be stored 1n a computer of a facility, such as an information
processing center, which can communicate with the vehicle
V. The vehicle V may include a communication umt. The
communication unit 1s a communication device that per-
forms load-to-vehicle communication. The communication
unit may be constituted of a wireless module loaded with a
high-frequency circuit, and an antenna. The commumnication
unit communicates with a computer of a facility, such as an
information processing center, and acquires map informa-
tion or the like. The communication unit outputs the map
information or the like to the ECU 7. In addition, the
communication umt may further include a road-to-vehicle
communication function.

Additionally, in the above-described first and second
embodiments, the actuator 6 further includes a steering
actuator 1n a case where the ECU 7 performs not only the
speed control but also steering control. The steering actuator
controls driving of a assistant motor, which controls steering
torque 1n an electric power steering system, according to a
control signal from the ECU 7. Accordingly, the steering
actuator controls the steering torque of the vehicle V.

Additionally, in the above-described first and second
embodiments, 1t 1s described that the rule for discriminating
an overtaking lane, the relationships between the overtaking

lane and the line types of the lane boundary lines, and the
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target lateral acceleration maps are stored 1n the storage unit
19 of the ECU 7. However, these may be stored in storage
units other than the ECU 7.

Additionally in the above-described first and second
embodiments, the vehicle V may include a navigation sys-
tem. In this case, the vehicle position recognition unit 11
may acquire and recognize a vehicle position to be used for
the navigation system, from this navigation system. Other-
wise, 1n a case where a vehicle position can be measured by
a sensor 1nstalled outside, such as a road, the vehicle position
recognition unit 11 may acquire the vehicle position from
this sensor through communication via the communication
unit.

Additionally in the above-described first and second
embodiments, the curve radius acquisition unit 120 may
acquire a curve radius on a curve of a drive road 1n front of
the vehicle V through load-to-vehicle communication or
vehicle-to-vehicle communication via the communication
unit. Otherwise, the curve radius acquisition unit 120 may
recognize lane boundary lines on the basis of the image
information acquired by image imnformation acquisition unit
121 to be described below, and may calculate a curve radius
on a curve of a drive road 1n front of the vehicle V on the
basis of the shape of the lane boundary lines. Otherwise, the
curve radius acquisition umt 120 may recognize lane bound-
ary lines on the basis of white line recognition results of the
radar or the LIDAR, and may calculate a curve radius on a
curve of a drive road in front of the vehicle V on the basis
of the shape of the lane boundary lines.

Additionally 1n the above-described first and second
embodiments, the curve radius acquisition unit 120 may
recognize the section of a curve on the basis of the map
information of the map database 5, without using a curve
radius. In this case, information on whether or not respective
road sections are curves just has to be associated with the
map information in advance.

Additionally 1n the above-described first and second
embodiments, the external situation recognition unit 12 may
acquire other peripheral information from the external sen-
sor 2 and the communication unit as well as the curve radius
and the image information. The other peripheral information
1s the number of lanes of drive roads, the positions of lane
boundary lines, the positions of centerlines, branch points,
junctions, traflic restrictions, the positions of lane centers, or
the width of streets. Additionally, the driving state recogni-
tion unit 13 may acquire not only the speed of the vehicle V
but also acceleration information of the acceleration sensor,
yawing rate information of the yawing rate sensor, and the
like as driving states of the vehicle V.

Additionally 1n the above-described first and second
embodiments, the lane determination unit 14 may perform
final determination by combining a determination result
based on the image information and a determination result
based on the other information. Hereinalter, an example of
determination processing based on the other information
will be described. The lane determination unit 14 determines
whether or not the lane on which the vehicle V 1s driving 1s
the one-way multiple lanes, on the basis of the vehicle
position recognized by the vehicle position recognition unit
11 and the map information of the map database 5. That 1s,
the lane determination unit 14 determines whether or not the
lane on which the vehicle V 1s dniving i1s the one-way
multiple lanes, on the basis of the number of lanes associated
with the map mformation corresponding to the position of
the vehicle V, and the positional information of the vehicle
V. Then, the lane determination unit 14 recognizes the lane
on which the vehicle V 1s driving from the multiple lanes, on
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the basis of the vehicle position of the vehicle V and the map
information. In this way, the position of the lane on which
the vehicle V 1s dniving may be recognized using the
information other than the image information, and whether
or not the vehicle V 1s driving on an overtaking lane may be
determined from the recognition result. The lane determi-
nation unit 14 may determine whether or not the lane on
which the vehicle V 1s driving 1s an overtaking lane, on the
basis of the image information, 1 a case where 1t 1s
determined that the lane on which the vehicle V is driving
1s the overtaking lane on the basis of the other information.

What 1s claimed 1s:

1. A vehicle driving control device comprising:

a curve radius acquisition unit configured to acquire a
radius of a curve of a drive road 1n front of a vehicle;

a target lateral acceleration setting unit configured to set
a target lateral acceleration on the curve on the basis of
the radius;

a target speed calculation unit configured to calculate a
target speed on the curve on the basis of the target
lateral acceleration and the radius:

a speed acquisition unit configured to acquire a speed of
the vehicle;

a speed control unit configured to control the speed of the
vehicle on the curve on the basis of the target speed and
the speed of the vehicle;

an 1mage information acquisition unit configured to
acquire 1mage information obtained by imaging sur-
roundings of the vehicle; and

a lane determination unit configured to determine whether
or not a lane on which the vehicle 1s driving 1s an
overtaking lane 1n one-way multiple lanes 1n the drive
road on the basis of the image information,

wherein the target lateral acceleration setting unit sets the
target lateral acceleration on the curve to be higher than
the target lateral acceleration on the curve when 1t 1s
determined that the lane on which the vehicle 1s driving
1s not the overtaking lane in a case where 1t 1s deter-
mined that the lane on which the vehicle 1s driving 1s
the overtaking lane, and

wherein the speed control unit performs the speed control
of reducing the speed of the vehicle 1n accordance with
the target speed, 1n a case where the speed of the
vehicle 1s greater than the target speed.

2. The vehicle driving control device according to claim

further comprising:

a lane information determination unit configured to deter-
mine whether or not the lane on which the vehicle 1s
driving 1s an outside lane of the curve or an 1nside lane
of the curve 1 one-way multiple lanes on the basis of
the 1mage information,

wherein the target lateral acceleration setting unit sets the
target lateral acceleration on the curve to be higher than
the target lateral acceleration on the curve when the
lane information determination unit determines that the
lane on which the vehicle 1s driving 1s the outside lane
of the curve, 1n a case where the lane determination unit
determines that the lane on which the vehicle 1s driving
1s the overtaking lane and the lane mmformation deter-
mination unit determines that the lane on which the
vehicle 1s driving 1s the inside lane of the curve.

3. A control device comprising:

an actuator that executes driving control of a vehicle; and

an electronic controller configured to execute

acquiring a radius of a curve of a drive road 1n front of the
vehicle,
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setting a target lateral acceleration on the curve on the
basis of the radius,

calculating a target speed on the curve on the basis of the
target lateral acceleration and the radius,

acquiring a speed of the vehicle,

controlling the speed of the vehicle on the curve on the
basis of the target speed and the speed of the vehicle,

acquiring 1mage information obtaimned by imaging sur-
roundings of the vehicle, and

determining whether or not a lane on which the vehicle 1s
driving 1s an overtaking lane in the drive road on the
basis of the image information,

wherein the electronic controller sets the target lateral
acceleration 1n a case where 1t 1s determined that the
lane on which the vehicle 1s driving 1s the overtaking
lane to be higher than the target lateral acceleration 1n
a case where 1t 1s determined that the lane on which the
vehicle 1s driving 1s not the overtaking lane, and

wherein 1n a case where the speed of the vehicle 1s greater
than the target speed, the electronic controller transmits
a control signal to the actuator so as to perform the
speed control of reducing the speed of the vehicle 1n
accordance with the target speed.
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